M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT

INTRODUCTION 43
Deep-sea reducing ecosystems such as methane seeps and hydrothermal vents are 44 sustained by chemosynthetic prokaryotes which use reduced compounds such as sulphide and 45 methane, and produce organic matter from inorganic sources (Van Dover, 2000) . These patchy 46 and ephemeral marine habitats are colonized by symbiotic metazoans species (i.e. metazoans 47 M A N U S C R I P T organisms and macro-fauna respectively. Both use hydrogen sulphide for chemoautotrophy, but 152 siboglinids achieve chemosynthesis through the help of symbionts located within the trophosome 153 (Lösekann et al., 2008) . Colonization devices were deployed by ROV Victor 6000 (Ifremer, 154 France) and recovered by the ROV Quest 4000 (MARUM, Germany) after 12 months (Table 1)  155 in the south Hummocky periphery of the mud volcano where there was generally a high density 156 of siboglinids (>50%) and lower density of Beggiatoa spp. (<20%) (Jerosh et al., 2007) . 157 158
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Sample processing methods 159
Within a few hours of recovery, CHEMECOLIs were sorted on board in a cold room. For 160 each CHEMECOLI, external aspect was recorded and then the top mesh was opened to collect 161 the colonized substrate into a bucket. One fifth of content (or 20 cubes) randomly selected from 162 the bottom, middle and top of the device, was fixed in 4% buffered formaldehyde in twice-163 filtered seawater (TFSW), 2/5 (or 40 cubes) were fixed in 95% ethanol, 1/5 (or 20 cubes) was 164 fixed for Fluorescence in situ hybridization (FISH) analyses (4% buffered formaldehyde in 165 TFSW for few hours at 4°C, rinsed three times in TFSW then transferred into 50/50 166 Ethanol/TFSW and stored in 95% ethanol), the rest was shared between frozen in 10% glycerolM A N U S C R I P T
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8 or/and fixed in buffered 2.5% Glutaraldehyde. Once sorting was completed, the medium in 168 which cubes were sorted was filtered through a 64-µm mesh to recover small fauna that was not 169 attached to substrates, and fixed either in formaldehyde, ethanol, FISH, frozen or Glutaraldehyde. 170
If organisms had settled outside the device, they were fixed but not included in further analyses. 171
All species fixed in buffered formaldehyde were morphologically identified using a dissecting 172 microscope. Wood cubes were dissected in thin slices using wood dissecting scissors in order to 173 collect endofauna. For alfalfa, each piece of grass was examined including the inside of the grass 174 itself. For carbonate cubes, only external observation was carried out. Specimens were counted, 175 identified to the lowest taxonomic level possible, and pictures were taken. Some specimens from 176
the dominant fauna such as polychaetes and molluscs were sent to taxonomists for species 177 identification. Some species recovered from substrates fixed in formaldehyde from 178
CHEMECOLIs deployed at the Nile Deep-Sea Fan and HMMV, were also recovered from 179 substrates fixed in ethanol and used for molecular-based identification using marker genes such 180 as COI and 18S rRNA (see below). 181 182 2.4 COI and 18S rRNA genes sequencing 183 DNA was extracted from soft-tissues of some specimens recovered from CHEMECOLIs 184 deployed at the Nile Deep-Sea Fan (Table 2 ) and of polychaetes recovered from CHEMECOLIs 185 deployed at HMMV, using the QIAamp DNA Micro Kit (Qiagen) following the manufacturer's 186 protocol. Fragments of the mitochondrial cytochrome oxidase I-encoding gene (COImt DNA) 187 were amplified using primers LCO 1490 and HCO 2198 (Folmer et al., 1994) . Polymerase Chain 188 Reaction (PCR) was performed as follows: an initial denaturing step of 5 min at 94°C, followed 189 by 35 cycles at 94°C for 30s, 48°C for 40s for hybridization, then 1 min at 72°C, and a final 190 extension for 10 min at 72°C. PCR products were sequenced by Genoscope (France). 191
Alternatively, a ~1800 bp fragment of the18S rRNA gene was amplified with primers 1f andM A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 9 2023r (Pradillon et al., 2007) using Ex Taq PCR kit (TaKaRa, Kyoto, Japan) and the following 193 PCR protocol: initial denaturation at 96ºC for 5 min, 30 cycles of (96ºC for 1 min, 51ºC for 1 194 min, and 72ºC for 3 min) and a final extension at 72ºC for 10 min. Amplification products were 195 purified using gel extraction following the manufacturer's protocol (Wizard kit Promega). 196
Sequencing reactions using the PCR products as template were performed with BigDye 197
Terminator Cycling Sequencing Ready Reaction kit (PE Applied Biosystems, Foster City, CA, 198 USA), in both directions, using additional internal primers (see Pradillon et al., 2007) . Overall, a total of 33 taxa were recovered from all CHEMECOLIs deployed in the three 254 study areas hosting reducing habitats. Main groups recovered were Mollusca (bivalves and 255 gastropods) and Annelida (polychaetes), followed by Arthropod Crustacean, Nemertea, 256
Sipuncula, Foraminifera, Actinopodia and Echinoderma (Table 3) . Species recovered varied 257 among study sites, but also among the different CHEMECOLI substrates deployed within a 258 given study site (Table 3) . For both the Rainbow and the Nile Deep-sea Fan 1-year experiments, 259 more than 50% of the species encountered within both organic and carbonate substrates were not 260 previously reported in the surrounding chemosynthetic communities. In the HMMV experiment, 261 only 30% of the fauna recovered from CHEMECOLIs was not documented in the surrounding 262 habitat. Overall densities of specimens (Table 3) were the highest for organic substrates and 263 especially for the wood substrate, reaching 14,987.5 specimens per dm 3 in the CHEMECOLI 264 deployed at HMMV due to the high number of wood-borers that colonized a cube (~117 265 specimens). 266 M A N U S C R I P T
Mollusc dominated as colonists within CHEMECOLIs deployed for 2-weeks and 1-year 267 experiments at the Nile Deep-Sea Fan (Fig. 4a) were also present on organic substrates in the long-term experiment. Carbonate substrates 275 deployed for one year were colonized only by low densities of gastropods Clelandella myriamae, 276 hesionid polychaetes and sipuncle (Table 3) . Young settler-stages (juveniles) of symbiotic 277 bivalve species harbouring sulphur-oxidizing bacteria were successfully recovered. These 278 included Idas sp., Vesicomyid sp. and Thyasira sp. (Fig. 5a ). These three species were all 279 recovered within the wood substrate after the two-weeks and after the one-year experiments. Idas 280 sp. was also recovered in the alfalfa substrate after the one-year experiment (Fig. 5a) . 281
CHEMECOLIs recovered after one year at the Rainbow site, were poorly colonized 282 compared to CHEMECOLIs deployed into cold seep habitats for one year. Wood-boring bivalves 283 (Xylophaga atlantica (H.G. Richards, 1942)) dominated in the wood-containing device, and 284 juveniles of symbiotic bivalves were also recovered (~200 specimens per dm 3 , Table 3 , Fig. 5b ) 285 similar morphologically to vesicomyid juveniles, however a molecular identification is necessary 286 to ascertain this observation such as ISH (see introduction). Some polychaetes (Prionospio sp. 287 nov. 3, ~40 specimens per dm 3 ) were recovered within both wood and alfalfa substrates (Fig. 4b) . 288
CHEMECOLIs deployed for one year at the HMMV were densely colonized, especially 289 the wood and alfalfa substrates (Fig. 4c) . Wood-boring bivalves (Xyloredo ingolfia (Turner, 290 1972)) were dominant in the wood substrate reaching the highest density documented in our 291 . Polychaetes occurred on all substrates, more 293 abundant on the wood (400 specimen per dm 3 ) but were as well present in high densities in 294 alfalfa and carbonate substrates (>100 specimens per dm 3 ). Juveniles of the chemosymbiotic 295 species Sclerolinum contortum (Fig. 5c ) were recovered inside all three CHEMECOLIs, 296 displaying tube lengths ranging from few mms to few cms (Table 3) . Adult siboglinid tubeworms 297 were attached to the outside mesh of each colonization device that was in contact with the soft 298 sediment (but not counted as not within the mesh). Among crustaceans (Fig. 4c ), amphipods and 299 copepods occurred on wood and alfalfa substrates, while Metacaprella sp. occurred on all three 300 substrates (Table 3) . 301
Species richness (S), Shannon-Wiener diversity (H') and Pielou's evenness (J') indices 302 differed among substrates at all deployment sites (Table 4) . No statistical support can be 303 summoned due to the lack of replicates, however for each study site, S and H' were the highest 304 for wood and alfalfa substrates compared to carbonate substrates, except for the wood substrate 305 in HMMV where the species richness is the highest but Shannon-Wiener diversity index is very 306 low due to the dominance of the species Xyloredo ingolfia that gives an equitability of 0.1 (J'). 307 308
Chemical data 309
In situ punctual sulphide measurements on colonization devices after one year 310 deployment at the Nile Deep-Sea Fan did not reveal any sulphide enrichment in their immediate 311 surrounding before recovery (data not shown). Yet very low sulphide levels, micromolar to 312 submicromolar in alfalfa and wood respectively, were detected inside the devices after recovery 313 suggesting that sulphide had been produced (Table 5) . Measurement in the immediate vicinity 314 (<1 m from colonization device) conversely revealed that local free sulphide enrichment could be 315 detected in the cracks of the underlying carbonate pavement (data not shown). Sulphide was 316 however not detected in the water above these cracks. 317
At the Rainbow hydrothermal vent, no free sulphide was detected in situ at the top, side 318 or basis of the devices. On board, neither the alfalfa pieces, nor the wood cube devices displayed 319 significant sulphide enrichment when the electrodes were inserted deeper inside. Compared to 320
Nile deep-sea fan, the situation is however quite different in Rainbow since free sulphide is also 321 extremely low even in the habitat of Bathymodiolus mussels or shrimps in the immediate vicinity 322 of the venting chimneys. 323 324
DISCUSSION 325
The goal of this study was to test whether organic substrates within CHEMECOLIs 326 supported the colonization of marine invertebrates' endemic from geologically-driven reducing 327 habitats such as hydrothermal vents and cold seeps, and to test whether larvae of symbiont-328 bearing metazoans were able to settle on these substrates hence potentially use them as stepping-329 stones for dispersal. For both questions we can respond positively. 330 characteristic of sulphidic habitats suggests that the presence of these species is not necessarily 496 related to high sulphide content. Two hypotheses can be proposed to explain this result: 1) the 497 microenvironment has been enriched to a larger extent over a limited period of time preceding 498 the recovery and colonizers still reflect these earlier sulphide-enriched stages; 2) sulphide 499 production by SRB is just starting and thiotrophic species settlement is triggered by indirect clues 500 correlated to sulphide production, such as compounds produced by cellulose-degrading bacteria. 501
This stresses the need for a better characterisation of the variability of physico-chemical 502 conditions over time in future sunken wood deep-sea experiments. The fact that taxa such as 503 thyasirid, vesicomyid and mytilid bivalves were already recovered after 2 weeks in the Nile 504
Deep-Sea Fan wood experiment, whereas these species were absent from the carbonate 505 colonization device, supports the latter hypothesis. However, the idea that the presence of 506 organic matter is the only factor triggering the settlement of these species should be taken with 507 caution since methane, and even sulphide enrichment in the local environment can not be 508 
CONCLUSION 513
This simple, standardized, colonization device, CHEMECOLI, was designed to recover young 514 stages of endemic fauna from reducing habitats and to study colonization processes in the 515 absence of large predators. Overall, colonization devices deployed at the Nile Deep-Sea Fan, 516 HMMV, and Rainbow were mostly colonized by molluscs (gastropods or bivalves) and annelid 517 (polychaetes), and juvenile stages were successfully recovered. Organic substrates were more 518 densely colonized than the carbonate substrate. Wood-boring bivalves were found on every wood 519 substrate at all sites, although with different species. Organic substrates yielded several species 520 presumably harbouring chemosynthetic bacterial symbionts, as well as associated heterotrophic 521 fauna common at hot vents, methane seeps and organic falls and tolerant to sulphide. Species that 522
were not previously reported in these reducing habitats, but that were common in other type of 523 reducing habitats, were also present. 
